Deactivation of the autotrophic sulfate assimilation pathway substantially reduces high-level β-lactam antibiotic biosynthesis and arthrospore formation in a production strain from Acremonium chrysogenum.
The filamentous ascomycete Acremonium chrysogenum is the only industrial producer of the β-lactam antibiotic cephalosporin C. Synthesis of all β-lactam antibiotics starts with the three amino acids l-α-aminoadipic acid, l-cysteine and l-valine condensing to form the δ-(l-α-aminoadipyl)-l-cysteinyl-d-valine tripeptide. The availability of building blocks is essential in every biosynthetic process and is therefore one of the most important parameters required for optimal biosynthetic production. Synthesis of l-cysteine is feasible by various biosynthetic pathways in all euascomycetes, and sequencing of the Acr. chrysogenum genome has shown that a full set of sulfur-metabolizing genes is present. In principle, two pathways are effective: an autotrophic one, where the sulfur atom is taken from assimilated sulfide to synthesize either l-cysteine or l-homocysteine, and a reverse transsulfuration pathway, where l-methionine is the sulfur donor. Previous research with production strains has focused on reverse transsulfuration, and concluded that both l-methionine and reverse transsulfuration are essential for high-level cephalosporin C synthesis. Here, we conducted molecular genetic analysis with A3/2, another production strain, to investigate the autotrophic pathway. Strains lacking either cysteine synthase or homocysteine synthase, enzymes of the autotrophic pathway, are still autotrophic for sulfur. However, deletion of both genes results in sulfur amino acid auxotrophic mutants exhibiting delayed biomass production and drastically reduced cephalosporin C synthesis. Furthermore, both single- and double-deletion strains are more sensitive to oxidative stress and form fewer arthrospores. Our findings provide evidence that autotrophic sulfur assimilation is essential for growth and cephalosporin C biosynthesis in production strain A3/2 from Acr. chrysogenum.